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Available online 4 August 2014AbstractBackground/Aims: To evaluate two pathogenic fungal diagnostic methods, the staining and the culture tests with Bayes rule, for quantifying
errors in each method.
Methods: With 10% potassium hydroxide (KOH) mounting for soft tissues and 20% KOH mounting for hard tissues and with lactophenol cotton
blue (LCB), a staining test with microscopy was done for 1310 samples. Each sample was cultured in Sabouraud dextrose agar (SDA) and potato
dextrose agar (PDA); tubes were incubated at room temperature, 25C, and 37C for growth.
Results: There were 365 true positive (TP), 42 false positive (FP), 815 true negative (TN) and 88 false negative (FN) cases. The a priori
probability value of infections was 0.3458 in the population, the sensitivity value was 0.8057, and the specificity value was 0.9510. The FP rate
was 0.0490, the FN rate was 0.1943, and the positive predictivity and the negative predictivity values were 0.8968 and 0.9025, respectively. The
computed value of a posteriori probability or post-test arithmetic computation for diagnostic efficiency was 0.5617. The area under the receiver
operating curve (ROC) characteristic was 0.72.
Conclusion: The staining test was efficient by 34e89% in arriving at a positive result with a sample, when its culture test was positive;
alternately, it was efficient by 90e95% for a negative result, when its culture test result was negative. Both staining and culture test results were
dependable by 56e72% for prognosis.
Copyright © 2014, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Immunodeficiency and hyperglycemic conditions have been
considered as root causes of aggressive/invasive fungal in-
fections; nevertheless, diabetes mellitus type 2 has predisposing
factors for the initiation of nonsystemic fungal infections. The
most dominating fungal species are Candida and Aspergillus;* Corresponding author. Central Research Laboratory, IMS and Sum Hos-
pital, Siksha ‘O’ Anusandhan University, Kalinga Nagar, Bhubaneswar
751003, Odisha, India.
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(R.N. Padhy).
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2211-5587/Copyright © 2014, Taiwan Society of Emergency Medicine. Publishedfor example, in a study, 50% patients were diagnosed with
candidiasis.1 Indeed, Candida albicans was originally a harm-
less colonizer in healthy persons, but its aggressive strains could
cause superficial to life-threatening systemic infections. In the
past few decades, overuse and inappropriate prescription of
antifungal agents have contributed to the emergence of anti-
fungal resistance, which slowly causes potentially grievous,
uncontrollable systemic infections.2
The prognosis of fungal infections involves two basic
procedures: (1) direct microscopy with 10/20% potassium
hydroxide (KOH)-treated excised tissue/concentrated clinical
samples stained with lactophenol cotton blue (LCB) for a wet
mount, called the ‘staining test’3; and (2) fungal culture onby Elsevier Taiwan LLC. All rights reserved.
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(PDA) media, called the “culture test”. The inherent difficulty
of the staining test is that an insufficient amount of hyphae or
fungal spores in a clinical sample would land at “staining-
negativity and culture-positivity”, known as false negative
(FN) cases. By contrast, clinical samples with dead hyphae
from patients with ongoing antifungal treatment indicate
“staining-positivity and culture-negativity”, which are referred
to as false positive (FP) cases. These two types of situations
cause loss of confidence in true positive (TP) cases, with
positive results of both methods, and true negative (TN) cases,
with negative results of both methods. The results of the
staining procedure are instantly available, but it takes
3e7 days for the culture test results. Eventually, the staining
test is sought after for the start of empiric antifungal treatment.
This paper evaluates data from 1310 clinical samples to
resolve the bivalence of both prognostic methods in an attempt
to digitalize the pervasive errors in each method, using the
Bayes rule. This analysis would help a clinician in assessing
errors of occurrence of FN and FP cases in the systemic fungal
infections that could prevent or allow starting antifungal treat-
ment. Clearly, FN caseswould not be treated ordinarily, whereas
FP cases would be unnecessarily treated for long durations,
considering the chronicity of the fungal infections. Untreated
FN cases would cause the stability of the infection, whereas
treatment of FP cases would result in systemic side effects.
2. The Bayesian concept
During prognosis, a clinician becomes eager to know how
many staining and culture test results are dependable. The
Bayesian conceptwould be appropriate in digitally resolving the
pervasive errors in results of clinical samples in staining and
culture tests. Customarily, the culture test is regarded as the
“gold standard”, i.e., ideal, with which the second, i.e., the
staining test, is to be compared. Thus, the staining test is to be
accessed using the Bayesian concept. However as noted, the
culture test also has a degree of fallibility of “staining positivity
and culture negativity” with dead hyphae/spores. Obviously,
both tests are independent by themselves, but remain critical in
examining the status of the staining test. Thus, with prudence,
the Bayesian analysis of recorded data as evidence could mea-
sure the degree of belief/assumption for what percent of the
culture test could be taken as of the gold standard, and also, how
dependable the staining test would be numerically. To evaluate
the inherent probability of each, the prior probability (a priori
probability or prevalence, or the prevalence of infection in the
targeted population, the total number of samples) is determined
prior to using data, prevalence ¼ [(TP þ FN)/N], with
N ¼ number of total samples. Further, there are two essentially
associated test statistics: the sensitivity (TP rate) e this is the
portion of people with the infection, who will have positive
staining test results, computed by [TP/(TP þ FN)], and the
specificity (TN rate) e this is the portion of people without the
infection, whowill have negative staining test results, computed
by [TN/(FP þ TN)]; these two test statistics are the basis of
Bayesian analysis.4,5Several other associated test statistics are computed. These
include: the FP rate, which is the probability of errors of the
culture test, computed by [FP/(FP þ TN)]; the FN rate, the
probability of errors of the staining test, computed by FN/
(TP þ FN); the positive predictivity, the post-test probability
of the infection that gives a positive test result or the portion of
people with positive test results, who actually have a fungal
infection, computed by [TP/(TP þ FP)], which would predict
positivity by the staining test; the negative predictivity, the
post-test probability of the infection that gives a negative test
result, or the portion of people with negative test results, who
actually do not have the infection, computed by [TN/
(FN þ TN)], which would predict negativity by the staining
test; the diagnostic accuracy (inherent validity or predictive
validity), which is the ability of the staining test to be correctly
positive or negative, among binary results of the culture test,
computed by [(TP þ TN)/N]; the positive likelihood ratio
(LR), the ratio between the TP rate and FP rate, computed by
[sensitivity/(1-specificity)], when the staining test result is
positive; and the negative LR, the ratio between the FN rate
and TN rate, computed by [(1-sensitivity)/specificity], when
the staining test result is negative. Indeed, the larger the pos-
itive LR value the greater would be the likelihood of infection,
and similarly, the lesser the negative LR value the lesser would
be the likelihood of infection, in a population.
In addition, a posteriori probability is the value from post-
test arithmetic computation of the data for diagnostic effi-
ciency and it specifically analyzes how good (numerically)
each test is in independently arriving at the truth, which is the
desired conclusion from the tests. At length, the area under the
receiver operating characteristic (ROC) curve, drawn with
values of sensitivity and specificity, as a graphical analysis for
diagnostic efficiency, additionally examines the predictive
capability as another value of a posteriori probability, inde-
pendent of the arithmetic computation. Thus with a double-
check, post-test analysis of the data can be done for numeri-
cal assessments with two values of a posteriori probability.
Moreover, additional values of associated test statistics
generated in the Bayesian analysis clump around the data-set
facilitating a holistic or rather a multiple evaluation of the
ambivalence. Thus, this analysis would provide a methodo-
logical framework of qualitative assessment of two test results
of diagnosis of a fungal infection.
3. Materials and methods
A prospective cross-sectional study was undertaken over a
period of 5 years, from January 2009 in the Department of
Microbiology of IMS and Sum Hospital. Clinical samples
from patients attending the outpatient department, designated
as community acquired (CA), and from inpatients, designated
as hospital acquired (HA), such as skin swabs and skin
scrapings, wound swabs, nail cuttings, blood, urine, vaginal
swabs, surgical wound abscesses, hair from scalp, etc., were
tested for fungal infections. Samples taken from patients
suspected as having fungal infections attending the outpatient
department were categorized as CA samples, whereas samples
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history of fungal infection prior to being admitted to hospital,
were categorized as HA samples. With the prescribed safety
precautions, samples were transported and processed without
delay. Each sample was examined macroscopically for the
presence of any caseous, purulent, or bloody and necrotic
material prior to further processing. The staining method was
followed up with the temporary incubation of a clinical sample
in 10% KOH ordinarily, but 20% KOH was used for nail
cuttings and other hard pathological materials. The presence of
fungal hyphae/spores in clinical samples was checked using a
microscope.
A small portion of clinical samples was inoculated into two
sets of test tubes of SDA or PDA, and also in 100 mm diameter
Petri plates, which were incubated at room temperature (25C)
and 37C (BOD incubator, REMI, Mumbai, Maharashtra,
India), for 1 week. Inoculated media were checked every day
following the incubation, for possible growth of any fungus.
Plates were only opened within a biological safety cabinet to
prevent any cross contamination. After 1 week of incubation,
if there was any visible growth of any fungus on SDA tubes,
further identification was done by gross examination of
obverse and reverse sides of the culture tube. Small sample
lots of grown mass from plates were used for fungal identifi-
cations.4 The staining test was repeated for the sample lots of
grown mass, using LCB for confirmation.6e9 The following
fungal species were isolated and identified with macroscopic
features with obverse and reverse sides of culture tubes:
Aspergillus flavus (Fig. 1AeC), Aspergillus fumigatusFig. 1. (A) Obverse view of Aspergillus flavus on Sabouraud dextrose agar (SDA) cu
tube; (C) 10 microscopic view of A. flavus with lactophenol cotton blue (LCB
microscopic view of A. flavus with LCB stain; (F) growth of A. flavus on PDA.(Fig. 2AeE), C. albicans (Fig. 3AeC), Candida sp. (Fig. 4A
and B), Cladosporium sp. (Fig. 5AeC) and Penicillium sp.
(Fig. 6AeC). The microscopic characters were also recorded:
A. flavus (Fig. 1DeF), A. fumigatus (Fig. 2F and G), C.
albicans (Fig. 3D and E), Candida sp. (Fig. 4C), Cladospo-
rium sp. (Fig. 5D), and Penicillium sp. (Fig. 6D; Table 1).
For specimens from contaminated sites, chloramphenicol
and gentamicin were included in the media to inhibit the
growth of bacterial contaminants. Further, to confirm bacterial
etiology responsible as contaminations with fungal infection,
specimens were examined with Gram stain and Ziehl-Neelsen
stain; sample lots were also cultured on blood agar and
MacConkey agar. All statistical computations were performed
with Microsoft Office Excel, Gurgaon, India.
4. Results
In 5 years, six species of fungi, A. flavus (Fig. 1C), A.
fumigatus (Fig. 2C), C. albicans (Fig. 3A), Candida sp.
(Fig. 4A), Cladosporium sp. (Fig. 5B), and Penicillium sp.
(Fig. 6B) were isolated from 1310 suspected fungal HA and
CA clinical samples. A total of 219 fungal strains were iso-
lated from 756 CA samples and 188 fungal strains were iso-
lated from 554 HA samples, based on results from the staining
test. Thus, 407 fungal strains were isolated and identified with
both macroscopic and microscopic characters. The numbers of
CA and HA samples were analyzed with the Student t test and
it was found that p ¼ 0.096, which was not statistically sig-
nificant. Thus, there was no difference in the numbers oflture tube; (B) reverse view of A. flavus on potato dextrose agar (PDA) culture
) stain; (D) 40 microscopic view of A. flavus with LCB stain; (E) 100
Fig. 2. (A) Obverse view of Aspergillus fumigatus on Sabouraud dextrose agar (SDA) culture tube; (B) obverse view of A. fumigatus on potato dextrose agar (PDA)
culture tube; (C) growth of A. fumigatus on PDA; (D) reverse view of A. fumigatus on SDA culture tube; (E) reverse view of A. fumigatus on PDA culture tube; (F)
40 microscopic view of A. fumigatus with LCB stain; and (G) 100 microscopic view of A. fumigatus with LCB stain.
Fig. 3. (A) Growth of Candida albicans on Sabouraud dextrose agar (SDA); (B) obverse view of C. albicans on SDA culture tube; (C) reverse view of C. albicans
on SDA culture tube; (D) C. albicans produces true germ tubes with lactophenol cotton blue (LCB) stain; and (E) chlamydospores of C. albicans with LCB stain.
Fig. 4. (A) Growth of Candida sp. on Sabouraud dextrose agar (SDA); (B) reverse view of Candida sp. on SDA culture tube; (C) budding yeast cells with
lactophenol cotton blue (LCB) stain.
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patients, i.e., fungal infections were equally distributed in
hospital sectors and the adjoining community (Table 2).
Community fungal infections arise from unclean dwellings
and unclean dealings of usable articles; in addition, the trop-
ical environment favors fungal growth. Further, crowded living
promotes the spread of fungal hyphae and spores. Also, in
hospital settings, fungal infections can arise from devices used
for treatment of patients, and the spores and hyphae of many
fungi are airborne, which should cumulatively promote HA
fungal infections. Fomites also have a role in fungal spread.
Paramedical staff do not often follow impeccable antiseptic
procedures in handling patients, clinical samples, and devices,
catheters and bronchoscopes. Moreover, in a year wise
computation of prevalence, a mean of 43.80 fungal strains
were isolated from CA samples, and 38.02 from HA samples.
The highest number (101 fungal strains) were isolated in 2013,
and the minimum number (62 strains) were isolated in 2009
(Table 3).
Of the total of 1310 (¼1.0) collected clinical samples, it was
found that 407 (0.3106) were positives and the rest 903 (0.6893)
were negatives from the staining test results. And 453 (0.3458)
samples were culture positives and the rest 857 (0.6541) were
culture negatives (Table 4). Test results of all samples got
divided to four categories: 365 samples were TP, and 815 were
TN; the rest (1310 e 365 e 815) ¼ 130 samples comprised 42
FP and 88 FN cases. In other words, there was a mismatching of
staining test and culture test based results for 130 samples. The
total 453 culture positive (TP þ FN) cases signify that the
prevalence of the disease was 34.58% (p ¼ 0.3458), in the tar-
geted population of 1310 samples (Table 4).
The sensitivity value is the ability of the staining test to
detect the infection status, when it is truly present, i.e., it is thepðE1=EÞ ¼ pðE1Þ  pðE=E1Þ

pðE1Þ  pðE=E1Þ þ p

E01
 pEE1
or
pðE1=EÞ ¼ ð0:3458Þ  ð0:8985Þ=½ð0:3458Þ  ð0:8985Þ þ ð0:2786Þprobability of a “positive test result”, given that the samples
were from infected individuals. By contrast, the specificity
value is the ability of the staining test to give the negative
result with samples from infection-free individuals, i.e., it is
the probability of a “negative test result”. Additionally, the
diagnostic accuracy value estimates the accuracy of both
staining and culture tests together. And applying the Bayesian
concept with the recorded data (Table 4), these and
several other test statistics could be computed for additional
probability values, with 95% confidence interval (CI) values
(Table 5).4.1. A posteriori probability and ROC curveThe a posteriori probability or “p(E1/E )”, the probability
value of a sample to be truly positive, could be calculated by
the Bayesian formula:
pðE1=EÞ ¼ pðE1Þ  pðE=E1Þ

pðE1Þ  pðE=E1Þ þ p

E01

 pEE01

; ½1
where E is the event that the staining test result is positive, E1
is the event that the same sample has a positive culture test
result, and E01 is the partition of sample space for all clinical
samples from uninfected individuals and is a hypothetical
value. Here, several probability values are: p(E ) ¼ probability
of staining test positives ¼ 0.3107; p(E1) ¼ probability of
culture test positives ¼ 0.3458; p(E/E1) ¼ 0.3107/
0.3458 ¼ 0.8985; pðE01Þ ¼ probability of TP ¼ 0:2786; and
pðE=E01Þ ¼ probability of TPþ TN ¼ 0:9008.
As we seek the a posteriori probability value, substituting
the above values in its formula we get:0 
 ð0:9008Þ ¼ 0:5617; or 0:5617ð95% CI; 0:0163 101133Þ
½2
Fig. 5. (A) Obverse view of Cladosporium sp. on potato dextrose agar (PDA) culture tube; (B) growth of Cladosporium sp. on Sabouraud dextrose agar (SDA); (C)
reverse view of Cladosporium sp. on PDA culture tube; and (D) 40 microscopic view of Cladosporium sp. with lactophenol cotton blue (LCB) stain.
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fractional populations, year wise and values of prevalence
remained at the mean value of 0.3387 ± 0.08 (the original
prevalence value was 0.3548). Values of sensitivity, specificity,
and a posteriori probability were determined (Table 6), prior
to drawing the graph for the ROC curve, and those values
indicated that for all possible values of population and prev-
alence, the sensitivity patterns changed with a mean value of
0.8003 ± 0.19 (the original sensitivity value was 0.8057); the
specificity patterns changed with a mean value of
0.9603 ± 0.02 (the original specificity value was 0.9510).
Values of a posteriori probability also remained in the range at
the mean value of 0.5648 ± 0.28 (the original a posteriori
probability value from the computation was 0.5617; Table 5).
Values of both sensitivity and specificity were used to
determine another value of a posteriori probability by the
ROC curve (Fig. 7), which was drawn by joining the cut-points
represented by six values of each: sensitivity versus 1-
specificity; and the diagonal chance line, (45 line) through
the coordinates (0, 0) and (1, 1), was drawn as the lower
limit. The area of the upper triangle above the 45 diagonal
line was taken as the total value ¼ 1.0, out of which the
area under the curve (AUC) was 0.72 (95% CI,
0.7045e1.0562), determined by using the trapezoidal ruler.This means that the staining test had a 72.0% chance of
correctly distinguishing a sample from an infected and a
sample from an uninfected case. This is the second value of
a posteriori probability, the first one being 0.5617%.
5. Discussion
Six species of pathogenic fungi were isolated from the
targeted population, in which samples from the community
sector contributed the maximum in comparison with the hos-
pital sector. It was evident that there were 88 FN cases and 42
FP cases, which would promote type I (diagnosing positive
cases/true infections as negative or FN cases) and type II
(diagnosing negative cases as true infections or FP cases) er-
rors, respectively, during diagnosis. All values cited in Table 5,
except LRs, are percent values. The prevalence (a priori
probability, or the pretest probability, or the presence of
infection in the population) value was 34.58%, as there were a
total of 453 culture positive (TP þ FN) cases. From incidences
of both types of false cases (FN þ FP ¼ 130), it was
discernible that each test alone was insufficient for the diag-
nosis of fungal infection. Further, both positive predictivity
value (89.68%) and negative predictivity value (90.25%) are
known to be dependent on the prevalence of the infection10;
Fig. 6. (A) Obverse view of Penicillium sp. on potato dextrose agar (PDA) culture tube; (B) growth of Penicillium sp. on PDA; (C) reverse view of Penicillium sp.
on PDA culture tube; and (D) 40 microscopic view of Penicillium sp. with lactophenol cotton blue (LCB) stain.
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for the presence and the latter for the absence of stable
infection, correctly. The former is the conditional probability
value that a patient had the infection, given that the staining
test result was positive. Similarly, the latter is the conditional
probability that a sample donor did not have the infection,
given that the staining test result of the sample was negative.
Moreover, two important test statistics, sensitivity and
specificity, are conditional on either having or not having the
fungal infection with a sample donor and both are not affected
by the prevalence value. The sensitivity of the staining test was
80.57%; consequently, this moderate figure confirmed the
staining test to be a sufficient method to a greater proportion
for the fungal diagnosis, in the presence of a stable infection.
A high, exquisite value of the specificity (95.1%) corroborates
an absolute dependency on the staining test even in the
absence of an infection. Further, to provide a digital estimation
of the staining test would be to use the known correction
method, based on sensitivity and specificity together, like a
cumulative value. In addition, the diagnostic accuracy value
examines, by how common the staining test is effective, and
the moderately high accuracy value of 90.08 or 90% signifies
a proportionate high reliance on the test, for the subsequent
start of antifungal treatment, when the culture test result was
still unknown; this value indicates the accuracy of the staining
test, regardless of its positive or negative result. Further, thepositive LR (16.44) is a measure of the diagnostic accuracy;
its magnitude indicated the certainty of a positive diagnosis of
the staining test. Similarly, the negative LR (0. 2042) indicated
its certainty of a negative diagnosis. In other words, with an
infection, the results of the staining test are highly dependable.
Indeed, there would not be any dilemma on the staining test
account, because a clinician usually advises for a staining test
if a fungal infection is suspected with other doubtful symp-
toms, as part of the routine preemptive practice. Thus, the
815 TN cases (62.21%) are justified. Undeniably, it is the most
frequently followed method for diagnosis, because of the
nonavailability of a better, cheaper method to perform quickly
with the diagnostic protocol. Moreover, the amount of 88 FN
cases (6.71%) of the total staining test results could be due to
samples from some new infected individuals with a smattering
of organisms or from a healthy one without any hyphae/spores,
despite the routine concentration of samples prior to under-
taking diagnostic steps. Further, the probability of positivity
and negativity in the staining test, and similarly the positivity
and negativity in the culture test are two pairs of mutually
exclusive events.
However, of 857 culture test negatives
(FP þ TN ¼ 65.41%), a negligible 42 (3.2%) were FP sam-
ples, which might be due to erroneous staining preparations
promoting cross contaminations in staining, or samples from
patients under antifungal treatment with the eventual presence
Table 1
Identification of fungus by correlation of microscopic and macroscopic features of the isolated fungus from patients.
Identified fungi Macroscopic features Microscopic features
Obverse Reverse
Aspergillus
flavus
Granular to cottony with flat surface, often with radial grooves, yellow
at first but quickly becoming bright to dark yellow-green with
age (Fig. 1A)
Light pale gray pigmentation
on potato dextrose agar
(Fig. 1B and C)
Conidial heads were typically
radiate, mostly 300e400 mm
in diameter, later splitting to
form loose columns.
Conidiophores were hyaline
and coarsely roughened, the
roughness often being more
noticeable near the vesicle.
It was globose to subglobose
(3e6 mm in diameter), pale
green and conspicuously
echinulate (Fig. 1DeF)
Aspergillus
fumigatus
Blue-green colonies surface pigmentation with a suede-like
surface consisting of a dense felt of conidiophores (Fig. 2AeC)
Light pale gray, granular to
cottony with blue-green to
gray-green pigmentation
(Fig. 2D and E)
Conidial heads were typically
columnar and >400 mm, much
shorter, smaller, and uniseriate.
It was short, smooth-walled
and had conical-shaped terminal
vesicles which supported a
single row of phialides, green
and rough-walled (Fig. 2F and G)
Candida albicans White colored, convex, entire margin, nonmucoid and smooth
textures of cream colored pasty colonies (Fig. 3A and B)
White colored and smooth,
shiny edged (Fig. 3C)
Budding yeast cell showing germ
tube (Fig. 3D)
Chlamydospore formation in
C. albicans (Fig. 3E)
Candida sp. Off-white and smooth, shiny edged cream pasty colonies (Fig. 4A) White colored and smooth,
shiny edged (Fig. 4B)
Roundeoval shaped budding
cells (Fig. 4C)
Cladosporium sp. Moderate colonies with velvety to powdery texture and green to
black gray with leather like consistency (Fig. 5A and B)
Black and light gray
appearance (Fig. 5C)
Conidia were elliptical to
cylindrical in shape, pale to dark
brown in color and had dark hila.
They occurred in branching chains
that readily disarticulate. Conidial
wall was noted smooth or
occasionally echinulate (Fig. 5D)
Penicillium sp. Granular with white to blue-green colored colonies (Fig. 6A and B) Diffused gray colored
pigment (Fig. 6C)
Septate hyaline hyphae (1.5e5 mm
in diameter), simple or branched
conidiophores, metulae, phialides,
and conidia were observed.
Metulae were secondary branches
that form on conidiophores.
The metulae carry the flask-shaped
phialides (Fig. 6D)
116 M.C. Sahu, R.N. Padhy / Journal of Acute Medicine 4 (2014) 109e119of unviable hyphae/fungal spores in samples that were suitable
for the staining test only and not for the confirmatory culture
test. Persons with ongoing antifungal treatments would
generate FP cases too, contributing dead hyphae/fungal sporesTable 2
Distribution of fungal isolates in community acquired (CA) and hospital ac-
quired (HA) samples, based on staining test.
Fungus CA (756) HA (554) Total (CA þ HA)
A. fumigatus 51 24 75
A. flavus 32 24 56
C. albicans 51 83 134
Candida sp. 58 36 94
Cladosporium sp. 16 9 25
Penicillium sp. 11 12 23
Total 219 188 407in samples. Thus, the culture test is dependable and it is aptly
confirmed as the “gold-standard test” with a negligible falli-
bility of 3.2%, as here. The FP rate (4.9%) estimated the errors
of the culture test, signifying it to be highly dependable, as the
number of FP (42, 3.2%) cases was the minimum. TheTable 3
Annual distribution of fungi in community acquired (CA) and hospital ac-
quired (HA) samples, 2009e2013.
Year CA (N ) [%] HA (N ) [%] Total (CA þ HA)
2009 37 (124) [30] 25 (80) [31] 62 (204)
2010 33 (132) [25] 35 (82) [43] 68 (214)
2011 44 (145) [30] 41 (127) [32] 85 (272)
2012 50 (168) [30] 44 (123) [36] 94 (291)
2013 55 (187) [29] 43 (142) [30] 98 (329)
Mean ± SD 43.80 ± 9.04 37.60 ± 8.40 81.40 ± 16.66
Table 4
Generic 2  2 table with the number of samples assigned to positive and negative results, based on staining tests and culture tests during fungal diagnosis.
Staining test result Culture test result Total
Infection present Infection absent
Positive TP ¼ 365 (0.2786) FP ¼ 42 (0.0320) TP þ FP ¼ 407 (0.3106)
Negative FN ¼ 88 (0.0671) TN ¼ 815 (0.6221) FN þ TN ¼ 903 (0.6893)
Total TP þ FN ¼ 453 (0.3458) FP þ TN ¼ 857 (0.6541) N ¼ 1310 (~1.0)
TP, 365 samples were true-positives (staining test positive, culture test positive); FP, 42 samples were false-positives (staining test positive, culture test negative);
FN, 88 samples were false-negatives (staining test negative, culture test positive); TN, 815 samples were true-negatives (staining test negative, culture test
negative); N, population size or total number of samples. Corresponding fraction values are given in parentheses. Prevalence of fungal infections ¼ 0.3458.
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the errors of the staining test with 88 FN (6.71%) cases out of
the total 453 culture positive (TP þ FN) cases.
However, a low value of 6.71% FN cases should induce a
progress of the subtle infection with a resultant ‘snowball ef-
fect’ on the idiosyncratic comorbidities undermining the body
verve, since antifungal treatment is not started immediately,
based on the negative results of the staining test. Obviously, an
internal spread is the aftermath of a progress of stable infec-
tion; most often the lungs are affected by fungi. A pragmatic
and safe situation would prevail at the diagnosis level with
both correct TN and TP results, for which there is a need for
molecular diagnosis on samples. Eventually, the diagnostic
process would become focused and the absence/presence of a
fungal infection would get confirmed with each sample.
Indeed, the fallibility of both diagnostic methods increases and
the result of a sample remains a hit-and-miss affair, without a
rapid gold-standard test. The chance part (both for a positive
or a negative result) stems from the uncovered information on
the samples. Probability of the positivity in the staining test
depends on the presence of the infection with a dead/threshold
amount of sample of hyphae/fungal spores for the test e these
chance factors contribute to the uncomputable “conditional
probability”.
When the ROC curve falls on the diagonal chance line, the
AUC value would be equal to zero, which would mean that
there is no discrimination capacity of the staining test; even-
tually, its results (positive or negative) would be taken arising
from pure chance; in addition, it would be a perfectlyTable 5
Computed probability values of several Bayesian test statistics of fungal diagnosis
Test statistics Formula
Prevalence (TP þ FN)/N
Sensitivity TP/(TP þ FN)
Specificity TN/(FP þ TN)
Diagnostic accuracy (TP þ TN)/N
Positive predictivity TP/(TP þ FP)
Negative predictivity TN/(FN þ TN)
False positive rate FP/(FP þ TN) (1 e specificity)
False negative rate FN/(TP þ FN) (1 e sensitivity)
Positive likelihood ratio Sensitivity/(1 e specificity)
Negative likelihood ratio (1 e sensitivity)/specificity
a posteriori probability p(E1/E)
Area under the ROC curve or AUC
AUC ¼ area under the curve; CI ¼ confidence interval; FN ¼ false-negatives; FP
characteristic curve; TN ¼ true-negatives; TP ¼ true-positives.inaccurate test.11 In other words, it would be stated that the
test incorrectly classifies all samples with the active infection
as negative and all samples from noninfected people as posi-
tive. Alternately, the staining test would be the best or the most
efficient method, if the ROC curve fell far from the diagonal
chance line, with an AUC value of 1.0 or very near to it.
However, in the present study, moderate values of sensitivity
and specificity gave a curve at some intermediate position, for
all possible values of sensitivity and 1-specificity. The obtained
graphical value was 0.72 from the ROC curve as a value of a
posteriori probability; and the value of a posteriori probability
computed previously by the arithmetic formula was 0.5617.
Thus, two a posteriori probability values were 56.17% and
72.0%. Therefore, the assertive statement now would be: the
staining test had a 56e72% chance of correctly distinguishing
a clinical sample for the presence/absence of fungal infection.
Taken in balance, both values are in moderate closeness but
with a distance of 16%, in derivation.
In a study, it was recorded that microscopic identification of
fungi in histologic or cytologic specimens had an overall ac-
curacy of 79%, because there is an overlapping of morpho-
logical features of several fungi. Misclassification of septate
and nonseptate hyphae and branching patterns are so
confusing that errors are promoted. Nevertheless, the culture
method remains as the gold standard. Indeed, in clinical
samples with extensive necrosis, hyphae become more swollen
and present distorted appearances. In such cases, pharmaco-
therapy may be inappropriate. Most often, Aspergillus is the
common culprit with typical dichotomous branching hyphae,.
Value 95% CI
0.3458 0.1789e0.4985
0.8057 0.4090e1.1916
0.9510 0.9124e1.0083
0.9008 0.6069e1.2228
0.8968 0.8449e0.9441
0.9025 0.7150e1.1024
0.0490 0.0051e0.0910
0.1943 0.2228e0.6650
16.4409 11.2255e67.5157
0.204271 0.1941e0.6030
0.5617 0.0163e1.1133
0.72 0.7045e1.0562
¼ false-positives; N ¼ total number of samples; ROC ¼ receiver operating
Table 6
Different values of sensitivity, specificity and a posteriori probability for six values of population and prevalence (mean ± standard deviation) of the data
(N ¼ 1310).
Year Population size Prevalence Sensitivity Specificity a posteriori probability
2009 204 0.2157 0.630 0.990 0.2302
2010 214 0.3364 0.875 0.9675 0.6094
2011 272 0.4449 0.9587 0.9418 0.9279
2012 291 0.3471 0.9901 0.9293 0.7083
2013 329 0.3495 0.5478 0.973 0.3482
Mean ± SD 262 ± 52.67 0.3387 ± 0.08 0.8003 ± 0.19 0.9603 ± 0.02 0.5648 ± 0.28
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rium, Scedosporium, and Penicillium also share a similar
morphological appearance to Aspergillus.12
6. Significance of the analysis
A clinician prescribes an antifungal preparation on report
by a patient from the staining test result of a clinical sample
(along with the visual determination). The staining test result
is dependable because there would be no other superficial
infections other than those from the patients. By contrast, if a
clinical sample is used for the culturing, a lot of time is spent
within which the infection could be established with the pa-
tients and at times may become invasive. Secondly, infections
from the laboratory could be promoted in the culture tube,
thereby misleading the clinicians at a later stage. Nevertheless,
the culture test is the gold standard test. Bayesian analysis is
used to distinguish the percentage of errors retrospectively in
each method from which the clinician can judge the error in
his empiric treatment. This test has an additional advantage of
estimating errors of both the diagnostic test independently as
type I and type II errors from FN and FP cases, respectively.Fig. 7. Receiver operating characteristic (ROC) curve for the fungal infection
diagnostic data.7. Limitations of the analysis
There are several limitations of this analysis. (1) Although
sensitivity and specificity are not affected by the prevalence of
the infection in a population, they may be affected by its
spectrum of diverse species. (2) Sensitivity clarifies nothing
about whether or not some people without any symptoms of
infection would also have a positive staining test result; these
two test statistics do not serve any practical or clinical purpose
during the estimation of probability of infection in individual
patients, as they are defined on the basis of people with or
without an fungal infection. Nonetheless, the fact that the
specificity value was as high as 80.57% herein does not
indicate that the accuracy of the staining test is equally high.
So, neither the patient nor the clinician can know what the
probability of the infection inferred from the positivity of the
staining test is. (3) In the present case, there was as low as a
3.2% (42 FP cases) error in the culture test result, so this test
could be taken as the gold standard test. (4) The major error of
the staining test (with 6.71% FN cases) would not only be
because of the meager population of fungal hyphae in a
sample from one at an initial infection, but equally, probably
because of their smattering with ongoing antifungal treatment.
(5) The AUC and LR are common measures of diagnostic
accuracy of a test using “sensitivity” and “1-specificity”. The
limitation is that LR without an ROC curve can be misleading,
as several other LR values would be obtained with different
ROC curves. (6) There are two inherent limitations of AUC;
the ROC curve was drawn by the best fitting line by the eye,
and errors could also be promoted by manual determination of
the area. (7) If the pretest probability (prevalence) of an
infection is lower, then the binary predictivity values of a
positive test would also be lower. In the present case, both the
predictive values are higher (positive 89.68 and negative
90.25). So, from the negative predictive value of 90.25%
(moderately high level), the presence of an infection with a
pathogenic fungus cannot be ruled out with confidence. (8)
The latter also has the fallibility that fungal spores under a
microscope often resemble bacteria/mycobacteria that need to
be resolved prior to treatment. In staining preparations too,
errors arise from misidentifications of septate/nonseptate hy-
phae of molds and yeast forms, i.e., morphological mimics
promote errors. Incomplete knowledge in fungal taxonomy
also promotes errors in detailed species identifications, which
would help in deciding the therapy to be undertaken.
119M.C. Sahu, R.N. Padhy / Journal of Acute Medicine 4 (2014) 109e119In conclusion, the prevalence of the value of fungal in-
fections was 34.58% in the targeted population. It was ob-
tained in the analysis that the staining test was efficient by
34e89% in arriving at a positive result with a sample, when its
culture test was positive; alternately, it was efficient by
90e95% for a negative result, when its culture test result was
negative. Both staining and culture tests were dependable by
56e72% for diagnosis of fungal infections.
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